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VECTOR PARTICLES RESISTANT TO INACTIVATION 

BY HUMAN 8ERUH 



This invention relates to "injectable" vector 
particles . Mora particularly, this invention relates to 
vector particles, such aa retroviral vector particles, 
wherein aueh veator particles are resistant to lnactivation 

by human bo rum. 

Vector particles are useful agents for introducing 
gene(s) or DNA (RNA) into a cell, such as a eukaryotic cell. 
The gene(s) is controlled by an appropriate promoter. 
Examples of vectors which may be employed to generate vector 
particles include prokaryotic vectors, such as bacterial 
vectors; eukaryotic vectors, including fungal vectors euch 
ae yeast vectors; and viral vectors such aa DNA virus 
vectors, RNA virus vectors, and retroviral vectors. 
Retroviruses which have been employed for generating vector 
particles for introducing genes or DNA (RNA) into a cell 
include Moloney Murine Leukemia Virus, Spleen Necrosis 
Virus, Rous Sarcoma Virus and Harvey Sarcoma Virus. The 
term "introducing" as used herein encompasses a variety of 
methods of transferlng genes or DNA (RNA) into a cell. Such 
methods include transformation, transduction, transaction, 

and infection. 

Vector particles hav« been used for introducing DNA 
(RNA) into cells for gene therapy purposes. In general, 
such a procedure involves obtaining cells from a patient and 
using a vector particle to introduce desired DNA (RNA) into 
the cells and then providing the patient with the engineered 
cells for a therapeutic purpose. It would be desirable to 
provide alternative procedures for gene therapy. Such an 
alternative procedure would involve genetically engineering 
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cell, in j**. »■ «* • *«• a Partlel * 

Z ™t for J. da* delivery tc the coll. of • 

* ,vj«*f of tha praaant invention to 

It in tharafore an object ©r P r 

provide oen. tM> by Introduction of a vector P«"^' 

In ... for exe«pl., • ^"' ^"r ZS Co 
patient. vh.r.in the vector P.rticl. 1. re.i.t.nt to 

4nftetivation by human eowm. 

„ accordance «1« .» .epect of the preeent invention 

tHere i. provided . vector particle *1* 1. 

inaetivatlon by human ..rum. Preferably, the vector 

Particle i. a viral vector particle, and mor. pr. .rably th. 

viral vector particle i. a retroviral vector particle. 

the envelop, portion of r.trovlru... include a protein 
Known a. P l«. and Applicant, have found that ™» 
are eu.eeptibie to in.etiv.tion by hu».n ..rum a. a r.eult 
of the action of WW prot.in<»> pre.ent in .erum on 
the plSE protein portion of the retrovirus Applicant, have 
further found that .ueh mrovlru... can b. ».d. 
to inactivetlon by human ..rum by mutatin, euch plSE 

"""In on. embodiment, there 1. provided a retroviral 
vector Wherein a portion of the DMA encoding plSE protein 
(.hovn in the accompanying ..«u.ne. Uatlno), ha. been 
stated to r.nd.r the vector particle reelatant to 
inectivation by human ..rum. The t.rm. -mutated and 
"mutation" a. ueed herein mean that the DNA .needing plSE 
protein ha. been ch.n,.d euch that et hut on. but not .11 
of the amino .old. of plSE protein h.v. b.en changed <.uch 
chan,.. «n include point mutation., deletion., end/or 

Insertions). *~aa 
plSE protein i. a viral protein h.vins 196 amino acid 
realdu... In vlru.... .ometlme. .U "6 amino acid residue. 
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are present, and other times, amino acid residues 181 to 196 
(known a» the *r" Peptide), arc not present, and the 
resulting protein le the "mature" form of P 15E known aa 
P 12E. Thus, viruses can contain both the P 15E and P 12E 
proteins. plSE protein ia anchored in the viral membrane 
such that amino acid residues 1 to 134 are present on the 
outside of the virus. Although the present invention ia not 
to be limited to any of the following reasoning, Applicants 
believe complement proteins may bind to this region whereby 
such binding leads to inactlvation and/or lysis of the 
retrovirus. In particular, the pl5B protein includes two 
regions, amino acid residues 39 to 61 (sometimes hereinafter 
referred to as region 1), and. amino acid residues 101 to 123 
(sometimes hereinafter referred to as region 2), which 
Applicants believe have an external location in the 
three-dimensional structure of the pl5E protein; i.e.. such 
regions are directly exposed to human serum. Region 2 is a 
highly conserved region in many retroviruses, even though 
the amino acid sequences of this region are not identical in 
all retroviruses. Such regions are complement binding 
regions. Examples of complement proteins which may bind to 
the complement binding regions are CIS and C1Q, which bind 

to regions 1 and 2. 

In order to inactivate the retrovirus, complement proteins 
bind to fcoth region 1 and region 2. Thus, in a preferred 
embodiment, at least one portion of DNA encoding a 
complement binding region of pl5E protein has been mutated. 
Such a mutation results in a change of at least one amino 
acid residue of a complement binding region of plSE protein. 
The change in at leaet one amino acid residue of a 
complement binding region of plSE protein prevents binding 
of a complement protein to the complement binding region, 
thereby preventing complement inactlvation of tho 
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retrovirus. In one embodiment, at least one amino acid 
residue in both complement binding region* of pl5E protein 
is changed, whereae in another embodiment, at least one 
amino acid residue in one of the complement binding regions 
is changed. 

It is to be underetood, howover, that the entire DNA 
sequence encoding plSE protein cannot be mutated because 
such a change renders the vectore unsuitable for in vivo 
use. 

In one embodiment, the at leaet one portion of DNA 
encoding pl5E protein is mutated such that at least one 
positively charged amino acid reoidue or negatively charged 
amino acid residue is changed to en amino acid residue 
having the opposite charge. 

The positively charged amino acids are His, Lye, and 

Arg. 

The negatively charged amino acids are Aap and Olu. 

In another embodiment, the at leaet one portion of DNA 
encoding plSE protein la mutated such that at least one 
poaitively charged amino acid or negetively charged amino 
acid is changed to a nonehargad amino acid. 

In one embodiment, the at least one portion of DNA 
encoding a complement binding region of pl5E protein, which 
is mutated, encodes one or more of amino acid residues 101 
to 123 of pl5E protein. In one embodiment, the at least one 
portion of DNA encoding plSE protein is mutated such that 
amino acid residue 122 is changed. 

In one embodiment, the at leaet one portion of DNA 
encoding pl5E protein is mutated such that at least one of 
amino acid residues 117 and 122 are changed. Preferably, 
amino acid residue 117 is changed from Arg to Glu, end amino 
acid residue 122 is changed from Olu to Oln. 
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In another embodiment, the at least one portion of DMA 
encoding pl*E protein^, mutated such that amino acid 
reeiduee 104, 105, 109. and 111 are changed. Preferably, 
amino acid residue 104 ie changed from Arg to Hia am no 
acid residue 105 la changed from Asp to Aen, amino acid 
residue 109 ie changed from Lye to Cln. and amino acid 
residue 111 i- changed from Arg to Oln. 

in another embodiment, the at least one portion of DNA 
encoding P 15E protein ie mutated auch that amino acid 
residue. 104, 105, 109, HI, 117, and 122 ere change^ 
Preferably, the at l...t one portion of DNA ie mutated such 
that amino acid residue 104 ie changed from Arg to His, 
amino acid reeidue 105 is changed from Asp to Asn, amino 
acid residue 109 ie changed from Lye to Cln, amino acid 
residue 111 ie changed from Arg to Gin, amino acid residue 
117 18 changed from Arg to Olu, and amino acid reeidue 122 
is changed from Clu to Oln. 

in yet another alternative embodiment, the mutation of 
DMA encoding P 15E protein may be effected by deleting a 
portion of the pl5E gene, and replacing the deleted portion 
of the plSE gene, with fragment(a) or portion(s) of a gene 
encoding another viral protein. In one embodiment, one 
portion of DMA encoding the P 15E protein ia replaced with a 
fragment of the gene . encoding the P 21 protein, which ie an 
HTLV-I transmembrane protein. HTLV-I virus has been found 
to be resistant to binding by complement proteins and thus 
HTLV-X io reeietant to inactivation by human serum (Hoshino, 
et al.. Nature, Vol. 310, pge. 324-325 (1904)). Thus, in 
one embodiment, there is also provided a retroviral vector 
particle wherein a portion of the plSE protein has been 
deleted and replaced with a portion of another viral 
protein, such as a portion of the p21 protein. 
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p21 protein (as ohown in the accompanying sequence 
listing) is a protein having 176 amino acid residues, and 
which, in relation to pl5E, has significant amino acid 
sequence homology. In one embodiment, at least amino acid 
residues 39 to 61, and 101 to 123 are deleted from pl5E 
protein, and replaced with amino acid residues 34 to 56 and 
96 to 118 of p21 protein. In one alternative, at least 
amino acid residues 39 to 123 of P 15E protein are deleted 
and replaced with amino acid residues 34 to 118 of p21 
protein. 

In another embodiment, amino acid residues 39 to 69 of 
P 15E protein are deleted and replaced with amino acid 
residues 34 to 64 of p21 protein, and amino acid residues 96 
to 123 of pl5E protein are deleted and replaced with amino 
acid residues 91 to 118 of p21 protein. 

Vector particles thus generated, and which are 
resistant to inactivation by human serum, may be engineered 
such that the vector particles may, when introduced into a 
patient, travel directly to a target cell or tioeue. Thue, 
in a preferred embodiment, the vector particle further 
includes a protein which contains a receptor binding region 
that binds to a receptor of a human target cell, such as, 
for example, but not limited to, the amphotropic cell 
receptor . 

The retroviral vectors hereinabove described, may be 
constructed by genetic engineering techniques known to those 
skilled in the art. 

In one embodiment, the retroviral veetor may be of the 
LN series of vectors, as described in Bender, et al., 
j. Virol ., Vol. 61, pgs. 1639-1649 (1987) and Miller, et al., 
p< etechnlouea , Vol. 7, pgs. 980-990 (1989). 

In another embodiment, the retroviral vector includes a 
multiple restriction enzyme site, or multiple cloning site 
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The multiple oloning Bit* includes at least four cloning, or 
restriction enzyme sites, wherein at least two of the sites 
have an average frequency of appearance in eulcaryotic genes 
of lees than once in 10,000 base pairs j i.e., the 
restriction produot has an average size of at least 10,000 
base pairs. 

In general, such restriction sites, also sometimes 
hereinafter referred to as "rare* sites, which have an 
average frequency of appearance in eukaryotic genes of loss 
than once in 10,000 base pairs, contain a CO doublet within 
their recognition sequence, such doublet appearing 
particularly infrequently in the mammalian genome. • Another 
measure of rarity or scarcity of a restriction eneyme site 
in mammals is its representation in mammalian viruses, such 
as 3V40. In general, an enryme whose recognition sequence 
is absent in SV40 may be a candidate for being a "rare" 

mammalian cutter. 

Examples of restriction enzyme sites having an average 
frequency of appearance in eukaryotic genes of less than 
once in 10,000 base pairs include, but are not limited to 
the NotI, SnaBI, Sail, Xhol, Clal, Sad, EagI, and 6mal 
sites. Preferred cloning sites are selected from the group 
consisting of NotI, SnaBI, Sail, and Xhol. 

Preferably, the multiple cloning site has a length no 
greater than about 70 base psirs, and preferably no greater 
than about 60 base pairs. In general, the multiple 
restriction ensyme site, or multiple cloning site is located 
between the 5'LTft and 3' LTR of the retroviral vector. The 
5' end of the multiple cloning site is no greater than about 
895 base pairs from the 3* end of the 5' LTR, and preferably 
at least about 375 base pairs from the 3' end of the 5' LTR. 
The 3' end of the multiple cloning site is no greater than 
about 40 base pairs fron< the 5' end of the 3' LTR, and 
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preferably at loaat 11 baeo pair* from the 5' and of the 3' 



LTR. 



Such vectors may be engineered from existing retroviral # 
vectors through genetic engineering techniques known in the 
art such that the resulting retroviral vector includes at 
least four cloning sites wherein at least two of the cloning 
Bites are selected from the group consisting of the Notl, 
SnaBI, Sail, and Xhol cloning sites. In a preferred 
embodiment, the retroviral vector includes each of the Not!, 
SnaBI / Sail, and Xhol cloning sites. 

Such a retroviral vector may eerve aa part of a cloning 
system for the transfer of genes to eukaryotic cells. Thua, 
there may be provided a cloning system for the manipulation 
of genes in a retroviral vector which includes a retroviral 
vector including a multiple cloning site of the type 
hereinabove described, and a shuttle cloning vector which 
includes at least two cloning sites which are compatible 
with at least two cloning sites selected from the group 
consisting of Notl, SnaBI, Sail, and Xhol located on the 
retroviral vector. The shuttle cloning vector also includes 
at leaet one desired gene which is capable of being 
transferred from said shuttle cloning vector to said 

retroviral vector. 

The shuttle cloning vector may be constructed from a 
baBic "backbone" vector or fragment to which are li gated one 
or more linkers which include cloning or restriction enzyme 
recognition sites. Included in the cloning sites are the 
compatible, or complementary cloning sites hereinabove 
described. Genes and/or promoters having ends corresponding 
to the restriction sites of the shuttle vector may be 
ligated into the shuttle vector through techniques known in 
the art. 
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The shuttle cloning vector can be employed to amplify 
DNA sequence, in prokaryotic eyateme. The shuttle cloning 
vector way be prepared . from plaemids generally used in 
prokaryotic systems and in particular in bacteria. Thus, 
for example, the shuttle cloning vector may be derived from 

plaamida auch as pBR322; P UC18 } etc. 

it is alao contemplated that within the scope of the 
present invention that the DMA encoding pl5B protein which 
hfta been mutated to render a vector particle resistant to 
inactivation by human -rum, may be contained in an 
expression vehicle other than a retroviral vector. such 
•xpresaion vehicles include, for example, viral vectors 
other than retroviral vectors, or any expression plasmid 
which is capable of being transferred into a cell line which 
is capable of producing vector particles which include the 

mutated pl5B protein. 

Such vectors or expression vehicles which contain DNA 
encoding a mutated env protein such as the mutated P 15B 
protein hereinabove described, are transferred into a 
pre-packaging cell line to generate vector particles. In 
general, the pre-packaging cell line contains the gag and 
pol proteins of the virus, plus a retroviral vector lacking 
the structural gag, pel, and env proteins. An example of 
ouch a pre-packaging cell line ia the OPL pre-packaging cell 
line which consists of an NIH 3T3 mouse fibroblast cell line 
which contains an expression plasmid for HoMuLV gag-pol 
protein as well as the retroviral, vector LNL6 (Miller, et 
al., Biotachniouee . Vol. 7, pge. 980-990 (1989,). It is to 
be understood, however, that the scope of the present 
invention is not to be limited to any particular 

pre-packaging cell line. 

Upon transfection of the pre-packaging coll line with 
en expression vehicle containing DNA encoding a mutated env 



WO 93/25698 

• 



PCI7US93/04706 



protein, the pre-packaging cell line will generate vector 
particle*. The vector particles are then tested for 
complement resistance. The vector particles which are ehown 
to be complement reeietant (i.e,, not inactivated by human 
serum), therefore, contain complement reeietant envelope 
proteins encoded by a epecific envelope expression vehicle* 
Such an expression vehicle can then be used; by techniques 
known to those skilled in the art, to produce a packaging 
cell line which contains an expression vehicle encoding the 
retroviral gag and.pol proteins, and an expression vehicle 
containing a gene encoding the mutated env protein (such as, 
for example, an expression vehicle or expression plasmld 
containing a mutated plSE protein such as hereinabove 
described), whereby such packaging cell line may be employed 
to generate vector particles which are resistant to 
inactivation by human eerum. In particular, a retroviral 
vector which lacks the structural gag, pol, and env genes, 
but includes a desired gene of interest, may be transferred 
into such a packaging cell line. Thus, the packaging cell 
line may generate vector particles which contain a desired 
gene(s) of interest, and which are resistant to inactivation 
by human serum. 

The vector particles generated from the packaging cell 
line will not be inactivated when contacted with human 
serum; and in addition, such vector particles, when 
engineered with protein containing a receptor binding region 
for a human receptor,' are targetable, whereby the receptor 
binding region for a human receptor enables the vector 
particles to bind to a target cell. Thus, such retroviral 
vector particles may be directly introduced into the body 
(e.g., by intravenous, intramuscular, or subcutaneous 
injection, intranasaily, orally, rectaiiy or vaginally), and 
travel to a desired target cell. Such vector particles, 
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therefor*, arc useful for the introduction of desired 
heterologous gene- into target cella fa Y*Y<> » * *eno 

therapy procedure. 

Thus, preferably, the vectora of the present invention 
further include at leaet on. heterologous gene. 
Heterologous or foreign genes Which may be placed into the 
vector or vector particles include,, but ar. not limited to, 
genee which encode cytokine* or cellular growth factors, 
8 uch as lymphokines, which are growth factors for 
lymphocytes Other examples of foreign genes include, but 
are not limited to, genes encoding Factor VIII, Factor IX, 
tumor necrosis factors (TNF'S), ADA, ApoB, ApoC, and Protein 

C The vectors of the present Invention include one or 
more promoters. Suitable promoted which may be employed 
include, but are not limited to, the retroviral LTR ; the 
SV40 promoter] and the human cytomegalovirus (CMV) promoter 
described in Miller, at si., MoWhlUqu" -* Vol. 7, Mo. 9, 
pgs. 980-990 (1989), or any other promoter (eg., cellular 
promoters such as eukaryotic cellular promoters including, 
but not limited to, the histone, p.l I«. and ft-aetin 
promoters). Other viral promoters which may be employed 
include, but are not limited to adenovirus promoters, TK 
promoters, and B19 parvovirus promoters. The selection of a 

suitable promoter will be apparent to those skilled in the 

art from the teachings contained herein. 

The vectors of the present invention may contain 

regulatory elements, where necessary, to ensure tissue 

specific egression of the desired heterologous gen*<«), 

and/or to regulate expression of the heterologous gene(s) in 

response to cellular or metabolic signals. 

Although the invention has been described with respect 

to retroviral vector particles, other viral vector particles 
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(such as, for example, adenovirus and adene- associated virua 
particles), or synthetic particles may be constructed 
wherein a region of the envelope protein in the vector 
particle may be mutated such that the vector particle 
becomes resistant to inactivation by human serum, thereby 
making such vector particles suitable for In — yjjtfi 

administration. 

The invention will now be described with respect to the 
following example; however, the scope of the present 
invention is not intended to be limited thereby. 

ffxample 

Plasmid pCE2 was constructed from pBR322 such that the 
resulting plasmid pCE2 includes genes encoding the envelope 
proteins gp70 and pl5E. pBR322 (Figure 1) was cut with 
EcoRI and filled in to destroy the EcoRI site to give 
PBR322Z RJ. pBR322iRl was then cut with Ndel and filled in 
to destroy the Hdel site to give pBR322 4R4 N. 
pBR322i R 4 N was digested with Hindi 1 1 and ECORV, and 
cloned into the Hindi II/EcoRV fragment wae a Hindi XI/Fepl 
cassette containing the gp70 and pl5E genes under the 
control of * cytomegalovirus (CMV) intermediate early 
promoter with a polyA (adenine) tail from SV40 (Figure 2) 
from plasmid pCEB. (Figure 3). The Hindlll/Fspl cassette 
obtained from plasmid pCEE contains a CMV intermediate early 
promoter in which the Ball/SaoIX (bp 21 to bp 766) was 
converted to an Hindi 11/SalI fragment by linKer addition; 
the ecotropic envelope Bglll/Hhel fragment (bp 5408 to bp 
7847 of momulv, encoding gp70 and pl5E) was filled and EcoRI 
linkers were added; and the SV40 poly A signal from Bell to 
BamHI (bp 2770 to bp 2533) was cloned into a BamHI site 
(thereby destroying the Bell site). A Bgill site wae added 
at the 3' end of the gp70 gene. (This addition doeB not 
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alter any amino aoide). The reoulting plasmid is pCK2 
(Figure 4.) 

To create the mutations in the pl5E gene, subnlonlng is 
carried out in a different plasmid called pUC-E2. 
(Figure 6.) Thio plasmid is pUC18 (Figure 5) with tha PvuII 
fragment removed and replaced with EcoRI linker e. Such wee 
accomplished by digesting pUC18 with PvuII to remove a 322 
bp PvuII fragment, and EcoRI linkers were then added. Into 
the EcoRI cite waa cloned the MeMuLV ecotropic envelope gene 
(i.e., the gp70 and plSE genes from pCE2) from the Bgill 
Bite (5408) to the Nhel eite (7847), which have been blunted 
and had EcoRI linkers added. The resulting pVC-E2 plaemid 
(Figure 6) therefore has unique Bglll, Spel, Clal, and PvuII 
sites in and around the plSE gene. 

PCR primers are then eyntheeiBed to encode the 
following imitations in the plSE protein (using pCE2 ae a 
template) t 

1. Amino acid residue 117 is changed from Arg to Glu, 
and amino acid residue 122 is changed from Clu to Oln; 

2. Ammo acid residue 104 is changed from Arg to Hie, 
amino acid residue 105 is ohanged from Aep to Asn, amino 
acid residua 109 is changed from Lys to Oln, and amino acid 
residue 111 is changed from Arg to Oln; and 

3. Amino acid residue 104 is changed from Arg to His, 
amino acid reeidue 105 is ohanged from Aep to Asn, amino 
acid reeidue 109 is changed from Lys to Oln, amino acid 
residue 111 ie changed from Arg to Gin, amino acid residue 
117 is changed from Arg to Glu, and amino acid residue 122 

ie changed from Olu to Oln. 

Each PCR product is digested with Spel and PvuII, and 
cloned into pUC-E2 at the unique Spel and PvuII eitea. The 
resulting plaamlds are then sequenced to confirm the point 
mutations. 
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DNA fragment* bearing these mutation* are then 
subclones into the expreflflion plasmld pCE2. pCE2 is 
digested with EcoRl end the envelope DNA fragment is removed 
and replaced with the EcoRl envelope fragment from the 
PUC-E2 plaemide. The resulting pCE2 plasmide are then 
cheeked for orientation of the EcoRl fragment and aeguenced 
again (only at the cloning Bite junctions and at the regions 
bearing the point mutations) to confirm the presence of the 
newly created mutated pl3E genes. The. resulting expression 
plasmide are identified as follows s 

PCR68 - includes mutations in which amino acid residue 
117 is changed from Arg to Olu, and amino acid residue 
122 is changed from Olu to Gin; 

pCR69 - includee mutations in which amino acid reaidue 
104 is changed from Arg to Mis, amino acid residue 105 
is changed from Asp to Asn, amino acid residue 109 ie 
changed from Lye to Oln, and amino acid residue 111 is 
changed from Arg to Oln; and 

PCR70 - includes mutations in which amino acid residue 
104 is changed from Arg to His. amino acid residue 105 
is changed from Asp to Asn, amino acid residue 109 is 
changed from Lye to Oln. amino acJd residue 111 is 
changed from Arg to Gin, amino acid residue 117 ie 
changed from Arg. to Clu, and amino acid residue 122 ie 
changed from Glu to Gin. 

Plasmide pCR68, pCR6«, and pCR70 are transfeeted 
separately into the GPL pre-packaging cell line. The OPL 
pre-packaging cell line con-ista of an NIH 3T3 mouse 
fibroblast cell line which contains an agression plaamid 
for MoMuLV gag-pol protein aa well as the retroviral vector 
LNL6 (Miliar, et al., 1989). Upon tranefection with pCR68, 
pCR69 , or pCR70, the GPL packaging cell line produces vector 
particles. 
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Transiently expressed vector particles are collected 
with cell supsrnatant at 48-72 hre, post-tranef ection. 

The vector particles generated as hereinabove described 
may then be assayed for vector titer by techniques known to 
those skilled in the art. The vector particles may also be 
collected in viral supsrnatant and concentrated, if 
necessary, according to procedures known to those skilled in 
the art in order to employ such vector partieles in assays 
or in therapeutic procedures. 

Advantages of the present invention include the ability 
to introduce vector particles directly into a human patient 
whereby the vector particle is not lysed or Inactivated by 
human serum upon such introduction. Thus, the vector 
particles of the present invention enable one to deliver 
desired goneo to a patient in vivo * Such vector particles 
may also be engineered such that they are M tar get able ri , as 
well as injectable, thereby enabling the vector particles to 
travel directly to a target cell or tissue without being 
lysed or inactivated by human serum* 

It is to be understood, however, that the scope of the 
present invention is not to be limited to the specific 

embodiments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims - 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION! 

(i) APPLICANT i Anderson, W. French 

Mason, James M. 

(ii) TITLE OF INVENTION: Vector Partialis 

Resistant to Inactivation 
by Human Serum 

(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS j 

(A) ADDRESSEE t Caralla, Byrne , Bain, 

Oilfillan, Ceochi £ Stewart 

(B) STREET: 6 Becker Farm Road 

(C) CITY: Roeeiand 

(D) STATE i New Jersey 
(B) COUNTRY USA 

(F) ZIP: 07068 

(v) COMPUTER READABLE FORMt 

(A) MEDIUM TYPE: 3.5 inch diskette 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: PC-D05 
( D J SOFTWARE i D«4 . V2 

(VI) CURRENT APPLICATION DATAi 

(A) APPLICATION NUMBER t 

(B) FILING DATE: 

(C) CLASSIFICATION* 
(Vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER i 

(B) FILING DATE: 

(viii) ATTORNEY/AGENT INFORMATION! 

(A) NAME: detain, Elliot M. 

(B) REGISTRATION NUMBER t 24,025 

(C) REFERENCE/DOCKET NUMBER: 271010-73 

(ix) TELECOMMUNICATION INFORMATION! 
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(A) TELEPHONE i 2O1-994-1700 

(B) TELEFAX t 201-994-1744 

(2) INFORMATION FOR SEQ ID NO; 1: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH t 196 amino acids 

(B) TYPEt amino acid 

(C) 8TRANDEDNES8 : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPEi protein 
(ix) FEATURE i 

(A) MAKE/KEY t pl5B protein, 
(xi) SEQUENCE DESCRIPTION: SEQ ID NOt It 

Glu Pro Val Sor Lou Thr Leu Ala Leu Lou 

5 10 

Leu Oly Cly Leu Thr Mat Gly Oly He Ala 

15 20 
Ala Cly He Oly Thr Cly Thr Thr Ala Leu 

25 30 
Met Ala Thr Cln Oln Pho Cin Cln Leu Oln 

35 40 
Ala Ala Val Cln Aep A«p Leu Arg Olu Val 

45 50 
Clu Ly« 8ar He &er Aan Leu Olu Lya 6er 

55 60 
• Leu Thr Ser Leu Ser Clu Val Val Leu Cln 

65 70 
Aan Arg Arg Cly Leu Asp Leu Leu Pho Leu 

75 BO 
Lya Glu Gly Gly Leu Cya. Ala Ala Leu Lya 

65 90 
Olu Olu Cya Cya Phe Tyr Ala Aep Hie Thr 

• 95 100 
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Oly Leu Val Arg Asp Ser Met Ala Lye Leu 

105 HO 
Arg Olu Arg Lou Asn Gin Arg oin Lya Leu 

115 120 
Phe Olu Ser Thr Cln Oly Trp Phe Olu Gly 

123 "0 
Lou Phe Asn Arg Ser Pro Trp Phe Thr Thr 

135 1*0 
Leu XI© Ser Thr lie Met Cly Pro Leu lie 

143 150 
Val Leu Leu Met lie Leu Leu Phe Cly Pro 

155 160 
Cye lie Leu Asn Arg Leu Val Oin Phe Val 

165 170 
Lye Aep Arg lie Ser Val Val Gin Ala Leu 

175 18° 
Val Leu Thr Gin Oln Tyr His Oln Leu Lya 

105 190 
Pro lie Glu Tyr Glu Pro 



195 

(2) INFORMATION FOR 8EQ ID N0i2; 

(i) SEQUENCE CHARACTERISTICS: 



(D) TOPOLOGY j linear 
(ii) MOLECULE TYPEt protein 
(ix) FEATURE 



(A) 
(B) 
(C) 



LENGTH: 176 amino acids 
TYPE j amino acid 
8TRANDEDNESS t 



(A) NAME/KEY i p21 protein 
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(xi) SEQUENCE DESCRIPTION! BEQ ID NO: 2: 

Ala Val Pro Val Ala Val Trp Leu Val Ser 

5 • 10 
Ala Leu Ala Mat Cly Ala Cly Val Ala Cly 

15 20 
Arg I la Thr Oly Bar Mat fior Lau Ala 8ar 

25 30 
Cly Lya Ser Leu Lau Hi a Glu Val Aap Lys 

35 40 
Aap I 1« Sar Oln Lau Thr Oln Ala I la Val 

45 50 
Lya Aan Hi a Lya Aan Lau Lau Lye I la Ala 

55 60 
Oln Tyr Ala Ala Oln Aan Arg Arg Cly Lau 

65 70 
Aap Lau Lau Pha Trp Olu Oln Oly Oly Lau 

75 80 
Cya Lya Ala Lau Gin Olu Oln Cya Cya Phe 

85 90 
Lau Aan 11a Thr Aan Sar HI a Val Sar lie 

95 100 
Lau Oln Olu Arg Pre Pro Lau Olu Aan Arg 

105 110 
Val Lau Thr Oly Trp Cly Lau Aan Trp Aap 

115 120 
Leu Oly Leu Ser Oln Trp Ala Arg Olu Ala 

125 130 
Lau Oln Thr Oly He Thr Lau Val Ala Leu 

135 140 
Lau Lau Lau Val Ha Lau Ala Cly Pro cya 

145 150 
He Leu Arg Oln Leu Arg His Leu Pro ser 

155 160 
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Arg Val Ar$ Tyr Pro Hie Tyr S»r L«u lie 

165 170 

Asn Pro Olu Ber Bor L«u 

175 
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WHAT IS CLAIMED IS: 

1. A retroviral vector particle, ©aid vector 
particle being resistant to inactivation by human serum, 

2. The vector particle of Claim 1 wherein said 
vector particle includes pl5E protein, and wherein a portion 
but not all of the pl5E protein hao boon mutated to render 
the vector particles resistant to inactivation by human 
oerum. 

3. The vector particle of claim 2 wherein a 
portion of the p!5E protein has been mutated euch that at 
least one amino acid of pl5E protein has been changed. 

4* The vector particle of Claim 3 wherein at least 

one portion of a complement binding region of pl5E protein 
has been mutated. 

5. The vector particle of Claim 4 wherein said 
complement binding region is selected from the group 
consisting of amino acid residues 39 to 61 and 101 to 123 of 
plSE protein. 

6. The vector particle of Claim 5 wherein said 
complement binding region is amino acid residues 101 to 123 
of pl5E protein. 

7. The vector partiole of Claim 6 wherein pl5E 
protein is mutated such that amino acid residue 122 of p!5E 
protein io changed. 

8. The vector particle of Claim 6 wherein pl5E 
protein ie mutated euch that amino acid residues 117 and 122 
are changed. 

9. The vector particle of Claim 8 wherein plSE 
protein is mutated such that amino acid reeidue 117 Lb 
changed from Arg to Clu, and amino acid residue 122 is 
changed from Olu to Gin. 
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10. The vector particle of Claim 6 wherein pl5E 
protein iB mutated such that amino acid residues 104, 105, 
109, and 111 are changed. 

11. The vector particle of Claim 10 wherein pl5E 
protein is mutated such that amino acid residue 104 is 
changed from Arg to Hi a, amino acid residue 105 ie changed 
from Aep to Asn, amino acid residue 109 ie changed from Lys 
to Gin, and amino acid residue 111 ie changed from Arg to 
Oln. 

12. The vector particle of Claim 6 wherein pl5E 
protein ie mutated auch that amino acid residues 104, 105, 
109, 111, 117, and 122 are changed. 

13. The vector particle of Claim 12 wherein pl5E 
protein ia mutated such that amino acid reeidue 104 ie 
changed from Arg to Hie, amino acid residue 105 in changed 
from Aap to Aen, amino acid residue 109 is changed from Lys 
to Cln, amino acid residue 111 is changed from Arg to Gin, 
amino acid residue 117 ia changed from Arg to Olu, and amino 
acid residue 122 is changed from Glu to Oln. 

14. The vector particle of Claim 5 wherein pl5E 
protein is mutated such that at least one positively or 
negatively charged amino acid is changed to an amino acid 
having the opposite charge. 

15. The vector particle of Claim 5 wherein pl5E 
protein is mutated auch that at least one positively charged 
or negatively charged amino acid ie changed to a non-charged 
amino acid. 

16. The vector particle of Claim 1 wherein said 
vector particle further ineludea a protein containing a 
receptor binding region that binds to a receptor of a human 
target cell. 

17. The vector particle of Claim 16 and further 
containing a heterologous gene. 
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16, Suk.ryotic e.Ue tran.f ormad with th. vector 

particles of Claim 17. vector 

„i„r"' , < ^ ** PnBBi0n V4hlele indudin, DNA encoding 
Pr0tein " °NA .needing pi 5E pret , ln "J 

•1- DNA 1. l„ eluded ln . VMtor p>rtleu » 
p.rticle i. r..i.t.nt to ln.otiv.tlon by human aerum. 

vahiol. o f CUiHr"' "~ lnCl " dln9 ** ~ 

„ «\" v . * V9 " 0r P' rtJol «- «" viral vector 

partiel. bain, raaletant to in.ctivation by human a.™,. 
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